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Theiler's disease of mice includes  2 distinct disease entities  with a  common 
etiological  agent:  a  central  nervous  system  infection  (1)  and  a  latent  intes- 
tinal  infection  (2).  The  latter  is  almost  universal  in  its  occurrence  among 
laboratory mice,  while  the former occurs rarely as  a  spontaneous  encephalo- 
myelitis.  Because  of  the  widespread  intestinal  infection,  certain  aspects  of 
Theiler's  disease  cannot  be  studied  on  a  well  controlled  basis.  In  order  to 
overcome this handicap,  several  investigators  (3-5)  have established  colonies 
of mice which are free of Theiler's virus. 
This  report  will  describe  the  method  whereby  one  such  colony has  been 
developed and maintained since 1947. The relative susceptibility of these mice 
to  Theiler's  (TO)  virus,  administered  orally  or intracerebrally,  was studied. 
Finally, a  mutant of Theiler's virus will be described which, by the oral route, 
produces a  high incidence of paralysis in mice free of Theiler's virus. 
Materials and Methods 
Mice.--CFW  (Carworth Farms) mice were used exclusively. 
Vir~es.--Theiler's  (TO) virus was obtained from the feces of mice approximately 6 weeks 
of age. The feces  were homogenized thoroughly with 10 volumes of sterile distilled water and 
centrifuged at 2500 R.p.t¢. for about 20 minutes. The supematant fluid was mixed with 0.5 
volume of ether and kept in the refrigerator overnight. The following morning the aqueous 
layer was collected and, after removal of the residual ether, was centrifuged at 2500 mP.~¢, for 
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20 minutes. The supernatant liquid was stored at  --70°C. Virus so obtained was designated 
TO(l) to indicate that it was of intestinal origin.  Following passage of TO(l) virus intracere- 
brally in mice, the virus that was harvested from the brain and cord was designated TO(B). 
Feeding Tecknique.--The water supply of the mice was withdrawn at 5 p.m. The following 
morning the mice were fed 0.3 ml. of the virus preparation from a  1 ml. pipette that was in- 
serted into the cage. As a rule the mice drank this amount of liquid in a minute or less. 
EXPERIMENTAL 
Development of the TO-Free Mouse  Colony.--The  basis  used in developing 
the virus-free colony was  the observation of Olitsky  (6)  that  TO virus was 
never detected in the intestines of mice under 13 days of age. 25 mice, 10 to 
12  days old were separated  from their mothers.  Mter  the fur of the  baby 
mice was washed well with 50 per cent ethanol, the mice were segregated into 
groups comprised of several members of each sex. From then on all materials 
and food were sterilized in  an  autoclave and  sterile  technique was  used  in 
handling the mice. The mice were fed a mash of regular mouse food and water 
until they were able to eat the regular pellets and obtain water by themselves. 
Many of the mice failed to survive, but  those that  attained maturity were 
found to be free of TO virus. 
The breeding procedure adopted  then,  and  in use now,  is  as follows. As 
soon as a  female is seen to be pregnant she is isolated. The mother and sib- 
lings  are  kept  as  a  breeding unit.  Units  are  never intermixed for breeding 
purposes; consequently only brother-sister and son-mother matings  axe  pos- 
sible. The mice are examined regularly to ascertain that  they are free of TO 
virus. Special quarters have been constructed based on Horsfall's description 
(7).  The mice are kept in  battery jars  which  are  placed  in  stainless  steel 
cubicles. These cubicles have tightly fitting doors and are mounted on racks 
suspended from the ceiling. The air supply is drawn in from outside the build- 
ing,  filtered  through  gauze,  and  forced through  ducts  into  the  cubicles.  A 
continuous positive pressure inside the  cubicle prevents the entrance of the 
surrounding air. The necessity for such rigid care was stressed by Dean  (4) 
and  illustrated by the  mishaps  of von Magnus  (8).  In  our own experience 
several units  became contaminated in  the  summer of  1948  previous  to  the 
installation  of  the  special  quarters  in  1949.  Since  then  the  colony has  re- 
mained free of TO virus. 
Studies on the Susceptibility of TO-Free Mice to TO(I) and TO(B) Viruses by 
the Oral and Intracerebral Routes.--Since  the  central nervous system  (CNS) 
and the intestinal tract are the principal sites of viral multiplication, the pres- 
ent study was  undertaken  to determine the relative susceptibilities of these 
tissues to infection with TO(I) and TO(B) viruses. The criteria for infection 
were signs  of encephalomyelitis following intracerebral  inoculation,  and  the 
demonstration of virus in the feces of mice following ingestion of the inocu- 
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TO(I) and TO(B)  (12 to 13 CNS passages) viruses were diluted appropriately.  Each dilu- 
tion was either fed (0.3 ml.), or inoculated intracerebrally  (0.03 ml.), to a group of 5 or more 
TO-free mice about 25 days old. 5 days later a fecal specimen was collected from each mouse 
that was fed and the specimen was tested  for the presence of virus. Throughout the entire 
period of the experiment, the mice (fed and inoculated) were maintained  under precautions 
to avoid exposure to contamination.  The IDjo end-point  for the titration of each virus by 
each route was calculated according to Reed and Muench (9). The results of these experiments 
are shown in Table I. 
It  can be  seen from the  data  in  Table  I  that  with  TO(I)  virus  a  smaller 
dose  (10  -q'*)  is  needed  orally  than  intracerebrally  (10  -*.l)  to  establish  the 
respective infections. With TO(B) virus, on the other hand,  the same amount 
of virus (about  10  -~.s)  is required by both routes. These conclusions are based 
on several  experiments  with  each virus.  Since  the size of the  colony did not 
permit  setting  up  single  experiments  on  a  large  scale,  the  above  data  were 
TABLE I 
Comparison of the Susceptibilily of TO-Free Mice to Infection with TO(I) and TO(B) 
Viruses by the Oral and Intrazcrebral Routas 
Titration end-polnt  (IDn) 
Virus 
Oral route  I  Intracerebral route 
TO(I)  10"4"6(~  ° J) *  l  10-"' (**'2) 
TO(B)  I0-6=(~:0  .s)*  ~  10-6.4(*0.1 ) 
* These values are actually 10  -6.s and 10  -6.= based on a dose of 0.3 ml. For purposes of 
direct comparison with the values obtained  by the use of a dose of 0.03 ml. intracerebrally 
the values were multiplied by 10. 
obtained by repeating each experiment  several  t~aes.  The results  in Table  I 
are based  on the use of a  total  of at least  15  mice per dilution,  and  are  the 
average values obtained.  It is of interest  to note that  the increase  in  the in- 
fectivity  titer  of  TO(B)  compared  with  TO(I)  is  relatively  small  (0.6  log) 
when determined by the oral route, but appreciably greater  (2.0 logs) by the 
intmcerebral  route.  In all  experhuents  with  Theiler-free  mice,  control  fecal 
specimens were collected immediately prior to inoculation of virus and  tested 
for the presence of TO virus. 
This experiment shows clearly that after several intracerebral  passages,  the 
virus so obtained  (i.e. TO(B)) has not lost its ability to multiply in the intes- 
tinal  tract.  The relative increase in infectivity for the CNS (i.e. intracerebral 
route  of inoculation),  without  a  corresponding increase  in  infectivity for the 
intestinal  tract,  indicates  that  variation  in  the  virus  had  occurred.  Other 
properties  of  TO(B)  virus  have  been  observed  which  suggest  an  enhanced 
neurotropism  upon  intracerebral  inoculation:  a  shorter  incubation  period,  a 
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tremors,  mild  convulsions,  as  well as  paralysis,  whereas TO(I)  virus  causes 
paralysis almost exclusively. 
Isolation of a  TO Mutant Capable  of Causing Paralysis by the Oral Route.-- 
During the course of an experiment in which TO(B) virus (llth passage) was 
fed  to  TO-free mice,  1  mouse  became  paralyzed.  The  possibility  was  con- 
sidereal  that a mutant of TO virus with the ability to invade the CNS follow- 
ing oral administration could be harvested from the CNS of this mouse. When 
a  10 per cent extract of the brain and cord of this paralyzed mouse was fed 
to TO-free mice, 25 days of age, half the mice became paralyzed. Three fur- 
TABLE II 
Studies with Two Strains of TO(B) Virus Capable of Causlng, by the Oral Rouge, 
Paralysis in TO-Free  M~e 
Virus 
TO'(B~)  * 
TO(B'~) 
TO(B.) 
TO(B1.) 
Dilution 
10-1 
10-~ 
10-1 
10  ~ 
lO-X 
10  ~ 
10  ~ 
TO-free mice 
0.3  ml. fed to 
3/6~ 
3/6 
2/7 
1/4 
ls/2o 
5/5 
4/6 
Stock  mice 
0/10 
0/9 
* TO(B') designates virus from the CNS of mice paralyzed after ingestion of virus. The 
subscript refers  to the number of passages. 
3/6 =  3 mice paralyzed of 6 mice that were fed. 
ther passages  (CNS  to intestine)  failed to increase the virulence of this  TO 
strain. 
The TO(B)  virus  which had  been  responsible for  the  first paralysis  was 
transferred  for  2  additional  intracerebral  passages.  When  this  virus  (13th 
passage TO(B)) was fed to TO-free mice, 25  days of age, 90 to 100 per cent 
of the mice became paralyzed. These observations are recorded in Table II. 
The data in Table II show that the 13th passage TO(B) virus, even in high 
dilution,  is  capable  of causing paralysis  in  TO-free mice by  the  oral  route. 
The method of CNS to intestine passage did not increase the virulence of the 
TO(B  ~) strain.  Stock mice were solidly resistant to TO(B) virus in high con- 
centration. 
DISCUSSION 
When mice free of Theiler's virus became available,  a  number of studies 
were carried out to determine how these mice differ from the stock  (carrier) 
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to the Theiler viruses by whatever route of inoculation employed. The pres- 
ent study was undertaken to determine to what extent the two host tissues 
(CNS  and  intestine)  differ in  their susceptibility to TO virus.  Since it is  a 
common practice  to  use  TO  virus  experimentally after it  has  been  passed 
through the CNS of mice, the possibility was considered that this procedure 
might select a  neurotropic mutant incapable of multiplying in the intestinal 
tract.  Such a  virus,  even ff immunologically related  to the  intestinal  virus, 
would differ from it in an important property. 
The experiments reported here have shown that a smaller infecting dose of 
TO(I)  virus  is  required  to  establish  the  intestinal  than  the  CNS  infection. 
The criterion for infection was in one case the demonstration of the presence 
of virus in the feces, and in the other case clinical signs of infection. In order 
to  determine  if an  error was  introduced by the  latter  criterion because  of 
lower sensitivity, a  number of mice which had remained asymptomatic after 
intracerebra] inoculation were sacrificed and the CNS of each was  tested by 
intracerebral passage for the presence of virus.  Relatively few of these mice 
were found to harbor virus. When these positive findings were included in the 
calculations  of  the  ID60 value  for  the  intracerebral  inoculations,  the  final 
results were not significantly altered. 
Epidemiologically, it is of interest that 0.3 ml. of a  10  -6 dilution of mouse 
feces is often sufficient to establish the intestinal carrier state.  This observa- 
tion refutes  the  generally held  opinion  that  the  titer of fecal virus  is  very 
low. This opinion is based on the use of the intracerebral route in stock mice 
for titration of virus. 
TO(B) virus, after 13 CNS passages, was still capable of multiplying in the 
intestinal tract of Theiler-free mice. Certain differences in TO(B) virus, sug- 
gesting an enhanced neurotropism, have been observed. 
One characteristic of the 13th passage TO(B) virus, however, which differ- 
entiates it markedly from TO(I) virus, is its ability to invade the CNS after 
oral administration. The evidence indicates that this new behavior cannot be 
attributed to a  concentration effect because the oral IDs0  values of the two 
viruses are almost the same.  Moreover, the increase in invasiveness appears 
to have occurred in an abrupt manner suggesting the appearance of a mutant. 
In a study of the titer of this virus, it was found that about 100 ID60 (orally) 
was required to paralyze 50 per cent (1 PD~0) of the mice. 
In similar feeding experiments with TO virus  (after CNS passage)  fed to 
TO-free mice, 3  weeks  of age,  Dean  (4)  reported that  10.5  per cent of the 
mice  became  paralyzed  and  yon Magnus  (10)  found  that  of  7  mice  none 
showed any signs of paralysis. 
SUMMARY 
A  method for the establishment and maintenance of a  colony of mice free 
of Theiler's (TO) virus has been described. This colony has been  maintained 
since 1947 with but one instance of contamination in 1948. 432  INFECTION OF  THEILERol~REE  MICE  WITH  VIRUS  (TO  STRAIN) 
Studies on the susceptibility of these mice to TO virus show that smaller 
doses are required to establish an infection of the intestinal tract than of the 
CNS. 
A  mutant  strain  of TO(B)  virus  has  been  isolated which,  following oral 
administration to mice free of TO virus, is able to cause infection of the CNS 
with  paralysis.  When  fed  to  stock  mice  that  carry TO  virus,  this  TO(B) 
strain does not cause paralysis or other signs of  CNS infection. 
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